Abstract Purpose: Some patients presenting with acute respiratory failure and meeting the Berlin criteria for acute respiratory distress syndrome (ARDS) lack exposure to common risk factors (CRF). These so-called ARDS mimickers often lack histological diffuse alveolar damage. We aimed to describe such ARDS mimickers lacking CRF (ARDS CRF-) in comparison with others (ARDS CRF? ).
Methods:
Retrospective study including all patients receiving invasive mechanical ventilation for ARDS admitted to the intensive care units (ICUs) of two tertiary care centers from January 2003 to December 2012. Results: The prevalence of ARDS CRF-was 7.5 % (95 % CI [5.5-9.5] ; n = 50/665). On the basis of medical history, bronchoalveolar lavage fluid cytology, and chest CT scan patterns, four etiological categories were identified: immune (n = 18; 36 %), drug-induced (n = 13; 26 %), malignant (n = 7; 14 %), and idiopathic (n = 12; 24 %). Although the ARDS CRFpatients had a lower logistic organ dysfunction score (4 [3] [4] [5] [6] [7] [8] vs. 10 [6] [7] [8] [9] [10] [11] [12] [13] ; p \ 0.0001) and less often shock upon ICU admission (44 vs. 80 %; p \ 0.0001) than their counterparts, their overall ICU mortality rate was very high (66 % [46-74]), and the absence of CRF remained associated with ICU mortality by multivariable logistic regression analysis (adjusted OR = 2.06; 95 % CI [1.02-4.18] ; p = 0.044). Among ARDS CRF-patients, the presence of potentially reversible lung lesions with corticosteroids (aOR = 0.14; 95 % CI [0.03-0.62]) was associated with ICU
Introduction
The recent Berlin definition of acute respiratory distress syndrome (ARDS) [1] stipulates that respiratory symptoms are to occur (or worsen) within 7 days after exposure to at least one common ARDS risk factor (CRF), classified as direct (e.g., pneumonia, gastric aspiration, etc.) or indirect (e.g., extrapulmonary sepsis, polytrauma, pancreatitis, etc.). Still, the members of the ARDS Definition Task Force anticipated that a subset of patients would have the clinical and radiological features of ARDS, while not having been exposed to any of these CRFs, and stated that an ''objective assessment'' of left heart filling pressures would then be required to rule out a pulmonary edema of the hydrostatic type [1] .
On the other hand, it is apparent that ARDS criteria encompass a widely heterogeneous group of pathologic processes. Indeed, none of the proposed definitions of ARDS [2, 3] , including the recent Berlin definition [1] , appear to be fully reliable for diagnosing diffuse alveolar damage (DAD), the commonly accepted pathological hallmark of ARDS [3] . Indeed, other lesions than DAD have been reported in more than one-third of autopsied cases, including infectious pneumonia without DAD, lung fibrosis either associated with an autoimmune disease or drug-induced, organizing pneumonia, diffuse alveolar hemorrhage, lung tumoral infiltration, acute pulmonary edema, pulmonary embolism, or even the lack of histological abnormality [4] . These unusual histological entities, commonly occurring in the absence of the CRFs for ARDS, have been previously termed imitators of ARDS [5, 6] . The prevalence and the prognosis of patients fulfilling the Berlin criteria for ARDS while having no CRF have, to the best of our knowledge, not been previously assessed. The primary objective of this study was to report the prevalence and etiologies of patients developing ARDS despite no exposure to any of the common risk factors and to contrast their clinical presentation and outcomes with those of their counterparts. The secondary objective was to assess the impact of the presence of lung lesions potentially responding to therapy with corticosteroids on outcomes in the subgroup of patients with ARDS and no CRF.
Methods
Methods are further described in the online supplement.
Study design
We conducted a retrospective study including all consecutive patients presenting with ARDS [1] 
Subjects, data collection, and definitions
Patients were included in the cohort when aged 18 years or older and having received invasive mechanical ventilation for management of ARDS. Exclusion criteria were previously known lung interstitial disease or tumoral infiltration; ARDS due to negative pressure pulmonary edema; left heart failure in the absence of identified CRF; mild ARDS treated with non-invasive ventilation only. ARDS was categorized as mild, moderate, or severe according to the Berlin definition [1] . Particular attention was paid to the timing criteria of the Berlin definition; as per definition, for patients not exposed to ARDS CRF, the onset of ARDS was to occur within 1 week of new or worsening respiratory symptoms [1] . ARDS patients were also classified into two groups, whether they had been exposed to any common risk factor (ARDS CRF? ) or not (ARDS CRF-) (online supplement, Table 1 ). Patients with vasculitides were deemed to have ARDS with no CRF because vasculitides are not pathologically characterized by diffuse alveolar damage. Increase in left heart filling pressures was ruled out using transthoracic and/or transesophageal echocardiography in all ARDS CRF-patients. The ARDS CRF-patients were then separated into four etiological groups, as follows: (1) immune ARDS, including vasculitides, as defined by the American College of Rheumatology (ACR) criteria [7] , and connective tissue diseases according to ACR and American Rheumatogical Association (ARA) criteria; (2) drug-induced ARDS, defined as previous exposure to a drug known as a pneumonia inducer in the absence of any other risk factor for ARDS (i.e., definite or probable druginduced ARDS) [8] ; (3) malignant ARDS, which required cytological or pathological evidence of hematologic or solid malignancy; and (4) idiopathic ARDS, defined as the absence of both CRFs and the above etiologies despite a comprehensive etiological workup.
Demographics and clinical and laboratory variables upon ICU admission, at 48 h, and during ICU stay were abstracted from the medical charts of all patients. Their initial severity was assessed using the SAPS II (Simplified Acute Physiology II) [9] and LOD (Logistic Organ Dysfunction) scores [10] . Outcome variables included the use of adjuvant therapies for ARDS (i.e., neuromuscular blocking agents, nitric oxide inhalation, prone positioning, extracorporeal membrane oxygenation), the need for hemodialysis or vasopressors, the administration of corticosteroids, the number of ventilator-free days at day 28, and ICU mortality.
The following variables were abstracted from the medical charts for ARDS CRF-patients: presence of extrapulmonary symptoms on ICU admission, bronchoalveolar lavage (BAL) fluid cytological analysis, chest CT scan patterns, and autoimmunity tests. Chest CT scan lesions were analyzed and described by a radiologist according to the Fleischner Society Glossary of Terms for Thoracic Imaging [11] . The presence of lung lesions potentially responding to therapy with corticosteroids was assessed on the basis of BAL fluid cytology and chest CT scan patterns by three experts blinded to the final diagnosis and outcome, and patients were considered as potential responders when an agreement of all three experts was met [12] [13] [14] .
Data presentation and statistical analysis
Continuous variables are reported as median [25-75th percentiles] or mean (±standard deviation, SD) and compared as appropriate. Categorical variables are reported as number and percentages (95 % confidence interval) and compared as appropriate. Factors associated with ICU mortality were determined by univariable and multivariable backward logistic regression analyses, both within the whole cohort of patients (i.e., ARDS CRF? and ARDS CRF-patients), and within the ARDS CRF-group. Independent variables with p \ 0.10 in univariable analysis were included in the multivariable analysis, with backward elimination of variables displaying a p value greater than 0.05. Interactions between variables were assessed using the Mantel-Haenszel test and interaction terms introduced in the model as appropriate. Analyses were conducted using the SPSS Base 21.0 statistical software package (SPSS Inc., Chicago, IL).
Results

Prevalence of ARDS with no common risk factors
Over the 10-year study period, 812 patients were hospitalized for suspected ARDS in the two ICUs, of whom 110 met exclusion criteria, 37 received non-invasive ventilation only, and 665 remained in the study cohort ( Fig. 1) . In this large cohort, the prevalence of ARDS with no CRF (n = 50) was 7.5 % [5.5-9.5].
ARDS CRF? patients (n = 615) had been exposed to the following risk factors: pneumonia (n = 310; 50. (1): pneumonia, gastric aspiration, pulmonary contusion, drowning, inhalation of gases, extrapulmonary sepsis, polytrauma, pancreatitis, burn, non-cardiogenic shock, drug intoxication, polytransfusion. VAP ventilatoracquired pneumonia, ILD interstitial lung disease, NPPE negative pressure pulmonary edema, CHF congestive heart failure, NIV noninvasive ventilation, ARDS CRF? patients having ARDS with CRF, ARDS CRF-patients having ARDS with no CRF Outcome of patients with and without common risk factors for ARDS As compared with ARDS CRF? patients, ARDS CRFpatients showed a longer time from the onset of respiratory symptoms to ICU admission, were more frequently referred to the ICU for acute respiratory failure, and had lower severity scores upon ICU admission and less shock (Table 1) Table 2 ). (Table 2) . When available, histopathological examination of lung tissue samples (n = 12) revealed the presence of DAD (n = 4), organizing pneumonia (n = 3), hemophagocytosis (n = 1), or cancer (n = 4) (online supplement, Table 3 (Table 3 ). The median duration of mechanical ventilation before corticosteroid treatment initiation was 2 [1] [2] [3] days. A predominantly hemorrhagic or lymphocytic BAL fluid cytology, as opposed to a macrophagic or neutrophilic one, was associated with survival of ARDS CRF-patients (Table 3 ). The presence of positive ANCA tests and presence of a plasma creatinine level over 140 lmol/L were also associated with survival, consistent with the fact that patients with vasculitides exhibited a better survival than those with connective tissue diseases (1/6 vs. 8/11 died; p = 0.049). Conversely, chest CT scan abnormalities suggestive of pulmonary fibrosis tended to be associated with ICU mortality (Table 3 ). The three experts' consensus considered potentially reversible lung lesions to be present in 19 patients (38 %); in multivariable analysis (Table 4) , this composite variable was a protective factor for ICU mortality (aOR = 0.14; 95 % CI [0.03-0.62]). The presence of potentially reversible lung lesions was mainly associated with the presence of a lymphocytic BAL fluid, with a threshold value of lymphocyte counts over 20 %, together with the lack of signs consistent with pulmonary fibrosis (honeycombing and traction bronchiectasis) on chest CT scan (online supplement, Figs. 1 and 2 ).
Discussion
This study is, to the best of our knowledge, the first to report the prevalence, characteristics, management, and outcomes of patients meeting the radiological and clinical criteria of the Berlin definition of ARDS while having none of the common risk factors listed. The main results are as follows: (1) the prevalence of ARDS with no CRF was 7.5 % among a large cohort of ARDS patients requiring invasive mechanical ventilation; (2) the absence of CRF for ARDS was an independent risk factor of ICU mortality; and (3) among ARDS CRF-patients, the presence of a lung cellular inflammatory infiltration, assessed by both BAL fluid cytology and chest CT scan patterns, suggesting the potential reversibility of lung lesions with anti-inflammatory agents, was an independent predictor of survival.
Prevalence and etiologies of ARDS with no common risk factors of the Berlin definition
Our series shows that ARDS with no CRF is a frequent and peculiar condition among unselected patients with ARDS, with a prevalence of 7.5 %. This prevalence may, however, have been overestimated because our study was MV mechanical ventilation a Cutaneous (skin rash, purpura), rheumatologic (arthralgia, arthritis, Raynaud's syndrome, myalgia), neurological (localizing sign), gastrointestinal (abdominal pain, gastrointestinal bleeding), ENT (dysphonia, nasal crusts), lymphadenopathy, abnormal urinary sediment (proteinuria, hematuria) b Lung distortion, or bronchiectasis, or honeycombing c As assessed on the basis of BAL fluid cytology and chest CT scan patterns by three experts blinded to outcome conducted in only two centers, one of which houses a specialized thoracic center, where the prevalence was higher than in the other. Nevertheless, our results are consistent with previous series including selected ARDS cases and reporting a high prevalence of lung histology other than DAD [15] [16] [17] . Furthermore, that both clinical and radiological definitions of ARDS correlate imperfectly with histological DAD lesions has been previously emphasized from autopsy [15] , as well as lung biopsy series of ARDS [18] . Indeed, Thille et al. recently showed that 9 % of 356 patients who had died of ARDS while meeting the Berlin criteria had various pathologic features, including fibrosis, alveolar hemorrhage, or lung tumor infiltration [15] . Histological analyses from selected patients who underwent surgical lung biopsies showed even more striking results, with 60 % exhibiting other lesions than DAD [16] . Immune ARDS accounted for over one-third (36 %) of ARDS CRF-and revealed the underlying immune disease in most cases, consistent with the fact that patients having acute exacerbations of previously known interstitial lung diseases were excluded a priori. Drug-induced ARDS was the second most frequent etiology, with a predominance of chemotherapy agents incriminated. Although we may have underestimated the relative importance of this etiology by considering only cases of probable drug-induced ARDS (i.e., no established factors for ARDS except for the specific drug exposure within 1 year) [8] , the overall frequency recorded in our series (2.8 %) is consistent with that recently estimated by Dhokarh et al. [8] among patients with acute lung injury (3 %). Malignant ARDS represented 14 % of ARDS CRFand included several histological types, predominantly in situ adenocarcinoma. Finally, and although lung pathology had been obtained only for a limited number of patients, idiopathic ARDS (24 %) likely encompassed patients with acute interstitial pneumonia (DAD lesions were confirmed in 2/4 patients with idiopathic ARDS), a rare entity that was initially described as a clinical and radiological ARDS [19] with histological DAD lesions developing in spite of no exposure to any ARDS risk factor, and exhibiting a high mortality rate [20] .
Outcomes of patients having ARDS with no common risk factors
Albeit consistent with the median SAPS II value on admission, the in-ICU mortality of the whole cohort (54 %) was notably higher than that reported in ARDS trials, ranging from 27 % in mild to 45 % in severe ARDS [1] , likely related to differences in the case mix, with unselected and sicker patients being included in our observational study. In fact, the ICU mortality in our study was in the range of what has recently been reported in a series of ARDS patients with cancer in the 2006-2011 period (52 %) [21] . Nevertheless, our results suggest that ARDS CRF-patients may have a poorer prognosis than their counterparts. Indeed, the absence of CRF remained associated with ICU mortality after adjustment for the severity scores, age, the severity of ARDS and shock, and the absence of bacterial infection. Of note, the prolonged use of non-invasive ventilation was also independently associated with mortality, in line with previous series suggesting its potentially harmful effects in patients with de novo acute respiratory failure [22] .
Early identification of ARDS CRF-patients may improve their management and outcome. Importantly, the clinical presentation of ARDS CRF-patients differed from that of other ARDS patients in several respects. First, ARDS CRF-patients exhibited a longer time between the onset of respiratory symptoms and ICU admission, with a worsening of symptoms occurring within 2 days prior to ICU admission, consistent with the timing criterion of the Berlin definition [1] . Second, the presence of shock on ICU admission was less frequent, consistent with findings from other series [23] . Together with the lack of a recognized risk factor for ARDS, these features should raise the suspicion of an unusual etiology and drive the clinician to perform a comprehensive diagnostic workup in search of etiologies potentially amenable to specific therapies [6] .
In the ARDS CRF-group, ICU survival was associated with the presence of potentially reversible lung lesions, as assessed by three independent experts blinded to outcome, based on BAL cytology and chest CT scan patterns available within the first 48 h of ICU admission. Altogether, these findings suggest that ARDS CRF-patients, who exhibit a high mortality, may have better outcomes when cytological or radiological signs suggestive of lung lesions potentially responding to therapy with anti-inflammatory agents are present. Such findings are in line with observations in patients with idiopathic pulmonary fibrosis, where lung cellular infiltration scores, obtained from open lung biopsies, together with an alveolar pattern on chest CT scan (i.e., predominance of ground glass opacities) allow for predicting the response to a corticosteroid challenge [12, 24] . In contrast, in typical ARDS cases (i.e., ARDS CRF? ), BAL fluid cytological analyses usually show a predominance of neutrophils [25] , and chest CT scans most frequently reveal alveolar consolidations of lower lobes [26] . Last, as was recently shown, the early acquisition of a chest CT scan allows for predicting a poor outcome when lung fibrosis is present [27] . Thus, both chest CT scans and BAL fluid analysis could be important decision-making tools in this subgroup of ARDS CRF-patients, as they might help to identify which patients are more likely to benefit from specific therapies, including corticosteroids. Surprisingly, acute renal failure, as defined by a plasma creatinine level over 140 lmol/L, was a protective factor for mortality, likely reflecting the fact that it was mainly associated with vasculitis, a condition associated with a low mortality (17 %) in the current study. However, the proportion of patients requiring hemodialysis during their ICU stay was not different between survivors and non-survivors of the ARDS CRF-group.
Study limitations
Our study has several limitations. First, we used a twocenter retrospective design, which may have caused a selection bias, thereby limiting the generalizability of our findings. Indeed, we cannot exclude that some of these patients categorized as having ARDS with no CRF and exhibiting a subacute presentation (i.e., longer than 7 days) were misdiagnosed because previous respiratory symptoms could have been underestimated or neglected. Moreover, the etiologies of ARDS with no CRF could vary depending on hospital recruitment and size of the cohort. Second, important predictors of mortality related to mechanical ventilation (i.e., tidal volume, positive endexpiratory pressure level, plateau and driving pressure [28] ) were not entered in the mortality analyses, because these parameters were not readily available as a result of the retrospective design and the 10-year span of the study. However, because patients included were admitted after the demonstration of a reduction in mortality with 'protective ventilation' [29] , all patients of the current study received a standardized tidal volume of 6 mL/kg. Third, although meeting the Berlin criteria for mild ARDS if having a PaO 2 /FiO 2 ratio less than 300 mmHg, patients who received non-invasive ventilation only were not included in the study cohort because we assumed that, because of the retrospective design of the study, ARDS might have been less well identified and reported over the study period. As a matter of fact, only 37 patients (5 % of the whole cohort) were identified as having ARDS while receiving non-invasive ventilation only. This might be explained at least in part because patients from the current study were included between 2003 and 2012, i.e., before the Berlin definition was proposed, and thus ARDS was potentially underdiagnosed in this less severe subgroup of patients. Fourth, lung histopathological specimens were obtained in only 24 % of our patients. The low number of lung biopsies (n = 5) probably reflects the concerns of intensivists regarding the risk associated with this procedure, although previous series have suggested that open lung biopsies may be well tolerated even in severe ARDS patients [17, 30] . Fifth, the small numbers of patients within each etiological ARDS CRF-subgroup may have limited our ability to show differences among clinical or laboratory features, as well as in management and outcomes. Sixth, although vasculitides were mentioned among risk factors for ARDS in the Berlin definition, we have deliberately classified patients with vasculitides within the ARDS CRF-group. Indeed, lung involvement in vasculitides is not pathologically characterized by diffuse alveolar damage but rather by diffuse alveolar hemorrhage and capillaritis, so vasculitides are usually classified as ARDS mimickers rather than common risk factor for ARDS [5, 6, 16] .
We believe our work has several important clinical implications. First, we report a meaningful prevalence of so-called ARDS mimickers, having no CRF from the Berlin definition, a feature identified as an independent factor of mortality in a large cohort of unselected ARDS patients receiving invasive mechanical ventilation. Second, among the subset of ARDS CRF-patients, BAL fluid cytology and chest CT scan might help to identify a subset of patients who might benefit from specific therapies and have a better outcome. Whether early therapy with anti-inflammatory agents could decrease the mortality of ARDS CRF-patients and which patients would benefit most from this treatment need to be prospectively assessed.
